Background The incidence and mortality from ischemic heart disease (IHD) in Japan seem to be among the lowest of all the industrialized countries, but there are few reliable registers of acute myocardial infarction (AMI).
he incidence and mortality from ischemic heart disease (IHD) in Japan seem to be among the lowest of all the industrialized countries and the ageadjusted IHD mortality in Japan has been decreasing gradually since approximately 1970. [1] [2] [3] [4] However, there are few reliable community-based studies of acute myocardial infarction (AMI) in Japan [5] [6] [7] [8] [9] and most of them included only a small number of annual events and had short research periods. The low mortality rates for IHD in Japan may be partly artifact, because the majority of deaths in the category of diseases of the heart are attributed to "heart failure" whereas this category is rarely used in other industrialized countries. 10 Although the possibility that the mortality from IHD in the post World War II birth cohort in Japan might have actually increased has been suggested, 10 another study reported no increase at all. 11 Therefore, it is difficult to determine whether the incidence and mortality from AMI are increasing or decreasing in Japan.
Ongoing AMI registration was established in Takashima County in Shiga Prefecture, Japan, in 1988 in order to measure trends in the incidence and case-fatality of AMI.
At the same time, we have been registering stroke since 1988 12 so that we can clarify the incidence ratio of stroke and AMI, and compare the incidence of AMI in Japan with other Western countries.
Methods

Geographic Conditions of the Research Area
Shiga prefecture is located in the approximate geographic center of Japan, bordering the Kyoto municipal area to the south-west. Lake Biwa, the largest lake in Japan, is located in the east of Takashima County and the Hira-san Gangs runs north -south to the west. Takashima County has a stable population of approximately 53,000 with 17.6% of the population (about 10,000) aged 65 years or older. It is a farming community, although only approximately 7% of the residents are engaged in primary industries; almost 38% of the residents are involved in secondary industries and 55% in tertiary industries. The majority of residents in the latter 2 categories work outside the county.
There are 2 community hospitals in Takashima County; the one in the south is a public facility providing 261 beds, and the other in the north is a private facility providing 72 beds. Although percutaneous catheter interventional therapy for AMI 13, 14 had begun at public hospital in 1998, prior to this year almost all cases of AMI were transferred to tertiary hospitals (4 facilities) outside the county. However, almost all the patients in the county were taken to one of the 2 local hospitals by ambulance before transfer, so the Takashima hospitals had the medical records of the patients who were subsequently be registered as having AMI.
Registration
Registered patients included all those who were residents of Takashima County and had either experienced an AMI died out-of-hospital from sudden cardiac death suspected to be related to myocardial ischemia. The criteria of AMI were based on the WHO MONICA Projects (Monitoring of Trends and Determinants in Cardiovascular Disease). 15 We registered all cases that met the inclusion criteria on the basis of the medical records from all the relevant hospitals inside and outside the county. We investigated the original death records at the county health center and the county ambulance records with the permission of the Ministry of Public Management, Home Affaires, Post and Telecommunications, Japan. Patients' privacy was protected.
We used the registration form of the Monitoring System for Cardiovascular Disease commissioned by the Ministry of Health and Welfare. 16 Items recorded at registration of an AMI were the date and time of onset, age, sex, location at the time of onset, time of admission, electrocardiographic findings, region of infarction, Q wave or non-Q-wave myocardial infarction (MI), peak creatine kinase, coronary risk factors, history of MI, pre-infarction angina, complications in the acute stage, Killip's classification, fatality within 28 days, cause of death, angiographic findings, acute therapy, and New York Heart Association functional classification 17 at discharge. Definite sudden cardiac death was defined as fatal cases with gross evidence of fresh myocardial infarction and/or recent coronary occlusion at necropsy. Possible sudden cardiac death was defined as fatal cases in which there was no other strong evidence of another cause of death, clinically or at autopsy, with typical, atypical or inadequately described symptoms; or without typical, atypical or inadequately described symptoms but with evidence of chronic coronary occlusion or stenosis or old myocardial scarring at necropsy; or a history of chronic IHD such as definite or possible MI, coronary insufficiency or angina pectoris in the absence of significant valvular disease or cardiomyopathy.
In cases of silent MI diagnosed later, the onset dates were taken as the oldest possible date of documentation.
Data Analysis
We calculated age-specific rates in 10-year age groups and age-specific incidence rates were determined by the population of the relevant age group in Takashima County at the 1993 census. 18 We calculated 2 types of age-adjusted incidence rates, using the Japanese population aged 20 years and older, and those aged between 35 and 64 years from the 1980 census as the standard population to allow comparison with the results of the WHO MONICA Project. 19 Direct age standardization of the incidence rates was done according to the WHO MONICA Project, using the truncated Segi world standard population weights 6, 6, 6, 5, 4 and 4 for the 5-year age groups of 35-39 to 60-64 years, respectively. 20 
Results
We registered 291 cases (males: 190 cases; females: 101 cases; averaged age (mean ± SD): 69.5±12.2, max: 96 years; min: 29 years) during 11 years between the beginning of 1988 and the end of 1998, which included sudden cardiac death cases caused by definite or possible myocardial ischemia. Table 1 shows the fatal cases. The total number of fatal cases within 28 days was 111 (approximately 2.4 % of the total mortality of all the ages during the 11 years), which included 74 cases of out-of-hospital sudden cardiac death or cardiopulmonary arrest, 22 cases of sudden cardiac death within 24 h of arriving at hospital or during transfer to tertiary hospital, and 15 cases of death from 24 h to 28 days; in total there were 96 cases of sudden cardiac death within 24 h and 37 cases of death after admission and within 28 days. The 28-day case fatality, 28-day case fatality for hospitalized cases and 28-day case fatality for hospitalized 24-h survivors was 38.1% (111/291), 17.1% (37/217) and 7.6% (15/195), respectively. Prehospital case fatality and 24-h case fatality was 25.4% (74/291) and 33.0% (96/291), respectively. The rate of prehospital death for all fatal cases were 66.7% (74/111) and the rate of death within 24 h for all fatal cases was 86.5% (96/111). Table 2 shows the incidence of survival and fatal cases by 10-year age groups. The peak incidence by 10-year age groups was in the 60-69 year olds. The ratio of males to females was very high in the age groups under 59 years, but the percentage of females became higher with advancing age and the ratio was less than one in the groups over 80 years old. There was a tendency for the total case fatality to became higher with advancing age. The incidence of AMI showed a constant trend from 1988 to 1998 except for the year 1994 (Fig 1) . Table 3 shows the age-specific and age-adjusted annual incidence rate of first AMI per 100,000 population aged 20 years and older. The age-specific incidence rates for the total and for men and women, respectively, increased with advancing age.
Age-adjusted incidence rates for those aged between 35 and 64 years were 55.5/year per 100,000 population for men and 9.1/year per 100,000 population for women. The comparison of the age-adjusted annual incidence rates for men and women aged from 35 to 64 years with the WHO MONICA Project 15 is shown in Fig 2. 
Discussion
We found that the incidence of AMI in Takashima county, Japan showed a constant trend from 1988 to 1998 except for 1994, and our results confirmed that Japan has the lowest incidence of AMI among the industrialized countries. A comprehensive registration system for diseases such as AMI is sine qua non in determining the incidence in a particular area. A system to capture all patients in the study area, together with accurate diagnosis, is required to ensure comprehensive registration. Factors that reduce the comprehensiveness of a register are missing cases of sudden death for which there is not a confirmed diagnosis, missing AMI patients admitted to hospitals outside the registration area, and non-registration because of the AMI patient being cared for at home or in a nursing home.
We registered cases of out-of-hospital sudden cardiac death, but because electrocardiogram findings and the concentrations of cardiac enzymes are often not available in such cases, we had to base registration on the patients' location and symptoms at onset and their history of coronary heart disease. We tried to register only cases with definite and possible causes of sudden coronary death according to the MONICA registry's definition. The rate of pre-hospital death for all fatal cases was 66.7% in this study. In the WHO MONICA Project, the average rates for men and women were 70% and 64%, respectively. 21 Therefore, we believe that cases of other causes of death were excluded from registration as cases of sudden cardiac death in this study.
To ensure that eligible patients hospitalized outside the county were not excluded, registration was also conducted at the main tertiary hospitals. For example, 23 cases were not transferred to either of the local hospitals in the acute phase, but 12 had county ambulance records and we obtained information of the other 11 cases from the hospitals outside the county: of these, 8 in-hospital deaths were located in the original death records in the county health center (5 occurred outside the prefecture, 3 within the prefecture) and the remaining 3 cases were hospitalized outside the county without using the county ambulance system. The major limitation of our data collection related to cases of non-fatal AMI managed outside the 4 main medical facilities; however, we estimated that there would be very few patients who would go to hospitals that were not participating in our registration system. Almost 100% of the residents of Japan have public health insurance offered by sources such as the Ministry of Health and Welfare. Health insurance is not expensive and the policies cover all diseases, excluding injury from road traffic accident. Therefore, the usual practice in Japan is that patients in the county would consult a general physician, who if AMI was suspected from the symptoms and signs would almost always refer the patient to a secondary or tertiary hospitals for extensive investigation. Therefore we believe that only a few cases of non-fatal AMI were not registered.
We have conducted a previous registration of AMI cases in 7 areas in Japan, including Takashima County, based mainly on hospital records. The age-adjusted first AMI incidence rates per 100,000 for all ages in Akita, Ehime, Nagano, Takashima, Hokkaido, Osaka and Okinawa areas were 15.0, 19.5, 22.6, 22.6, 24.7, 24.9, and 26.0 respectively. 22 Therefore, the incidence rates in Takashima in the median of the 7 regions. In the present study, we extended the comprehensiveness of the register by investigating the original death records at the county health center and the ambulance records; as a result, the first AMI incidence rate increased from 22.6 per 100,000 population of all ages to 30.5.
Although we have registered cases of AMI and stroke in this area since 1988, the incidence of AMI showed a constant trend from 1988 to 1998 except for the year 1994 (Fig 1) . Some Japanese studies have reported that the incidence of AMI did not vary much during the research period, 5, 7 and although many cardiologists and physicians are under the impression that the incidence of AMI in Japan is increasing, the crude incidence has not changed greatly in a decade. Before 1993, many physicians in Japan used the term "acute heart failure" for sudden death of unknown etiology for the diagnosis on the medical certificate, but in 1994 the Ministry of Health and Welfare recommended that it not be used; however, some physicians might have used the term "AMI", even though they were not certain of the definite diagnosis and this may be a reason for the higher incidence of AMI in women in 1994 than in the other years. As the incidence of AMI in men did not change in 1994, it is likely that the increased incidence in women in 1994 was a random fluctuation.
The age-adjusted annual incidence rates for men and women aged from 35 to 64 years were compared with those of the WHO MONICA Project 15 (Fig 2) . Takashima County has the lowest incidence in the world for AMI in men, women and both sexes. Our results confirmed that Japan has the lowest incidence of AMI among the industrialized countries as reported by other investigators. Ongoing monitoring of AMI in Takashima County is feasible and will promote understanding of the reasons for the continuing decline in AMI incidence that has been noted in all regions of Japan.
